Abstract.
Introduction
Composite materials (CM) and coatings based on them are widely used in friction units. The increasing of friction surfaces layers wear resistance with CM (Bria et al. 2011; Koutsomichalis et al. 2009; Takeshi et al. 2009 ) leads to decreasing of friction unit wear and increasing their service life. The main characteristics at the control and research of CM friction units (Basu et al. 2005; Hong et al. 2011; Reddappa et al. 2011) are: coefficient of friction, friction force and friction moment, the temperature in the area of frictional contact, substance of wear particles and other. However, at practice, a group of these parameters are useful in research of processes which are developing at catastrophic wear of frictional contact surfaces layers.
In recent years for monitoring and diagnosis of friction units are increasingly using Acoustic Emission (AE) method due to it high sensitivity to the processes that occurs in frictional contact. It should be noted that this method is used for both traditional and CM (Benabdallah, Aguilar 2008; Fan et al. 2010; Hase et al. 2009 ).
However, significant complexity, which is connected with formation of acoustic radiation, as well as the interpretation of the information significantly limits the usage of AE method in monitoring and diagnosis of friction units with CM.
From this point of view is particularly important theoretical research of acoustic radiation processes and particularly the definition and description of the laws of changes of AE signals parameters during the processes development which are occurring at sliding contact of friction units. In this case, the important task is to determine the influence of various factors on the processes development of the CM destruction and, respectively, formed AE signals. Its solution will be interpret acoustic radiation, determine the informative parameters of AE signals, and laws of their changes. These theoretical researches are the basis for the development of new methods of control and diagnostics of friction units with CM.
Analysis of sources and publications
Theoretical studies of acoustic radiation at friction and wear of friction units with traditional materials were considered in (Filonenko, Stadnychenko et al. 2008; Filonenko, Stakhova et al. 2008) . Was developed the model which is based on the formation of the resulting acoustic radiation at destruction of the secondary structures of I and II type, and was received analytical expression that describe the AE resulting signal at influencing of various factors. Simulation results of formed AE signals provided the laws of changing of their parameters at normal wear and at the stage of catastrophic wear. It should be noted that the simulation results of AE signals showed good agreement with results of experimental research. The developed model of AE signals can be used only at friction of materials with crystal (traditional) lattice.
At research of the physical basis of the CM destruction is widely used concept of "Fibre Bundle Model" (FBM) (Raischel et al. 2005; Shcherbakov 2002) . Theoretical studies of the formation of AE signals at destruction of CM at unaxial tension were considered in (Filonenko et al. 2010; Filonenko et al. 2009) .
The model of formation AE supposed destruction of CM elements, and thermally activated mechanism of their failure. It should be noted that the developed model can be applicable only for uniaxial tension. At the same time, at friction of surfaces layers is forming more complex type of loading, which can be presented in the form of shear load. In (Filonenko et al. 2010) , with using concept of FBM and the kinetics of the destruction process, was received analytical expression for AE signal which formed at CM destruction under shear load.
It was considered that the CM sample consists from elements with same size. Elements evenly distributed in the volume of the sample. It was assumed that the matrix does not affect on loss of CM capacity. Was considered that destruction of the elements in the sample had consistent manner. The external load is distributed evenly on the remaining elements that had the same increased axial deformation. Also was conducted that destruction of CM elements occur according to rule "OR", i.e. due bending and stretching then deformation reach certain threshold. Bending and stretching can be independent or interrelated with some expression. Under such conditions, taking into account the general expression for stress change in the elements for the case of independent uniform distributions of threshold levels with the boundaries of [0, 1], was obtained an expression that describes formed AE signal 
-coefficient of proportionality;
S -parameter which defines the form of excitation impulse at destruction of unit element (take on dimension of time). 0 , r -constants, which depend on the physicmechanical characteristics of the CM; -speed of load; t, t 0 -respectively, current time and time that corresponds to beginning of the elements destruction; g -coefficient, which depends on the geometrical sizes of the fiber (area of cross-section and length). Equation (1) describes the AE signal, which is formed at destruction of elements with specified size. This allows to obtain the laws of AE parameters change at the affecting of such factors as the speed of loading, physical and mechanical characteristics of the CM elements, the size of its elements, dispersion properties, strength and others. As noted in (Raischel et al. 2005) , the concept of FBM can be used as simple model at consideration of friction units surfaces layers with CM. In this case, the elements of CM can be viewed as projections on the frictional contact surface which are destructing under shear load. Accordingly, the obtained research results in (Filonenko et al. 2010) can be useful for model development of AE resulting signal, which is formed at friction and wear of CM surfaces layers.
Formulation of article objectives
In this paper we consider a model of resulting AE signal formation at friction of surfaces layers with CM. There will be simulation of resulting AE signal at influencing of some factors.
We simulated the resulting AE signals in time, which were formed at friction of CM surfaces layers and which depended from physical and mechanical characteristics of its projections. Will be conducted analysis of the amplitude and energy parameters of formed AE signals and also the definition of the laws of their changes at parameter change 0 which order of value is comparable with the period of the lattice oscillations of solids which is sensitive to the physical-mechanical nature and structure of the solid.
Results of researches
Suppose that we have CM friction units with different types of interaction surfaces (Fig. 1, a, b) .
Surface frictional contact in the friction area is bounded by S. We assume that the junction surface layers in the area of S consist from projections, which were presented CM elements (Fig. 1, c) . At considering of elements destruction in the area S, we take the same initial conditions as in (Filonenko et al. 2010) : the quantity of elements in the conjugation is N 0 ; elements are evenly distributed over the surfaces; elements have the same physical and mechanical properties. We assume that the matrix does not affect on the process of CM elements destruction. Pressure of contact surfaces (elements) provides constant perpendicular axial force P.
We accept the terms of the elements destruction in area S same as in (Filonenko et al. 2010) . Suppose that for given value of P which applied to CM by shear load , the destruction of its elements starts at value of threshold equivalent stress 0 . Under such conditions, the destruction of CM elements in the area S of contact interaction will be accompanied by AE signal formation which was described by equation (1). We assumed that the friction unit was rotated with constant speed 1 V . This provides continuous sequential change of areas contact interaction j S , where j -quantities of areas. Then each subsequent destruction of area will lead to the formation of AE signal, which is also described by (1).
For such conditions, will be formed AE resulting signal which presented as sum of the formed signals at destruction of each subsequent area
where j -index number the j-th area of contact interaction (j=0, 1, 2,…..,m);
-j-th AE impulse signal, which was formed on the j-th area of contact interaction and described by (1); j t -time of j-th AE signal appearance. Moment of time then occur each subsequent AE signal can be written as
where j t -the time interval between the beginning of the subsequent formation and previous AE impulse signal.
At constant speed of changes between areas of contact interaction and destruction of all elements in the area (Fig. 1, a, b) will be constant AE signals interval. In this case, all the AE impulse signals will be the same according to (3). If destructions of the elements occurs at variable area T S (Fig. 1, a, b) in the area of contact interaction S, when depending on the location and size (quantity of elements 0 N in area T S ), the interval of time j t will vary. In this case, the moment of time can be written as
where -random component at the moment of each subsequent AE signal occurrence.
In this case, the formed AE impulse signals will differ from each other -will be various parameters of AE signals. Obviously, the closest to the reality of change in contact interaction areas and destruction of elements in area S T is to present the moment of AE signals time appearance in form of expression (4).
It should be noted that in the expression (1) was included parameter 0 , which was sensitive to the physical and chemical nature and structure of the CM solid. Certainly, the determination the effect of these characteristics of CM friction surfaces on the friction process character and change of amplitude and energy parameters of formed AE resulting signals is important, in terms of monitoring and diagnosing of friction units with CM.
Let's simulate the AE resulting signal, according to (2) with (4) (Fig. 1, a, b) was constant. Axial load P was constant, and the destruction of CM elements starts at a threshold stress of destruction 0 . While friction unit is rotating the friction areas T S can change own location in the area S. Under such conditions, the start of each subsequent contact interaction destruction (start time appearance of subsequent AE signal) according to (4) will be given in the form were determined by the diagram of equivalent stresses in time for accepted parameters and specified speed of CM loading, according to (Filonenko et al. 2010) . The value 0 varied from 0,4×10 -6 to 1×10 -6 with increment 0 =0,2×10 -6 .
With increasing of values 0 we proportionally decrease values of parameter~in the range from 0 to 7,5×10 -7 and from 0 to 3×10 -7 . Theoretical calculation of the amplitude and the energy of the AE resulting signals with using expression (1), was not possible.
Therefore, their values, in accordance with definitions of parameters (Baskakov 2005) , we calculated numerically.
The results of the modeling of AE resulting signal amplitude and the energy for the accepted boundary values 0 are shown in Fig. 2 are presented in the form of curves in Fig. 3, a. At determining of amplitude and energy parameters of AE signals, the length of the sample, and the sample interval were unchanged and, therefore, were equal t d =1×10 -7 and N=3000 values of calculated amplitudes and energies. Fig. 3 (Fig. 3, b) . Statistical analysis of the data show that the reliability of the regularities description of AE resulting signals amplitude and energy parameters change at changing CM tendency to brittle fracture were confirmed with probability for the average amplitude level, variance of the average amplitude level, average energy level and variance of the average energy level p =0,999.
Conclusions
Model of the AE resulting signal which was formed at friction of the CM surface layers in frictional contact was conducted. The simulation results, according to the developed model showed that the resulting signal was continuous AE signal with strongly irregular form.
The formed signal can be characterized by the amplitude and energy level and also values of its spread. The simulation results showed that at constant load conditions with increasing tendency of the material to brittle fracture was observed falling of average amplitude and the energy level of AE resulting signal and the values of its spread. From obtained results was defined, that the change of amplitude and energy parameters of AE signals is nonlinear.
The highest increment in the analyzed parameters of AE signals had variance of the average energy level of the AE resulting signal.
